Plasma concentrations of HDL (high-density lipoprotein) cholesterol are low in the Saudi Arabian population. A B polymorphism at the CETP (cholesteryl ester protein transfer) locus that is detectable with the restriction enzyme TaqI is a genetic determinant of the plasma HDL cholesterol concentration. We assessed the relationship between the TaqI B CETP polymorphism and lipid and apolipoprotein concentrations in a study sample of 335 Saudi residents. The TaqI B1 and B2 allele frequencies were 0.54 and 0.46 respectively, similar to those in other populations. HDL cholesterol levels in B2B2 homozygotes were significantly higher than in B1B1 homozygotes [1.01 (0.3) compared with 0.92 (0.2) mmol/l; mean (S.D.); P = 0.03]. There was also a significant difference between the B2B2 and B1B1 homozygotes with regard to apolipoprotein AI concentration [123.6 (16.4) compared with 113.7 (13.9) mg/dl; P = 0.04]. This genetic variation was independent of metabolic risk factors known to influence HDL cholesterol levels. The allele frequency of the TaqI B CETP polymorphism and its relatively modest impact on HDL cholesterol concentrations argue against an important role for this allele, or for strongly linked loci, in determining the low levels of HDL cholesterol seen in the Saudi population.
INTRODUCTION
Several studies show a clustering of risk factors for coronary heart disease, including diabetes and obesity, in the Saudi Arabian population [1] [2] [3] [4] [5] . Changes in lifestyle are clearly important, but genetic factors may also contribute to this increased risk. The study of alNuaim [3] showed that concentrations of HDL (highdensity lipoprotein) cholesterol are very low in Saudis compared with North American, European and Japanese populations [6] [7] [8] [9] , and we confirmed these findings when we compared Saudis with South Asians resident in the U.K. [10] . Studies in twins suggest that genetic factors play an important part in the determination of HDL cholesterol levels [11] . Sib-pair linkage studies have suggested that variation in HDL cholesterol levels between individuals is related to the inheritance of alleles at or near the CETP (cholesteryl ester transfer protein) and apo AII (apolipoprotein AII) gene loci [12] , and at the hepatic lipase and apo AI/CIII/AIV loci [13] .
CETP mediates the transfer of cholesteryl esters from HDL to low-density and very-low-density lipoprotein in exchange for triacylglycerol (triglyceride) [14, 15] , and plays an important role in reverse cholesterol transport [16, 17] . In Japanese subjects, two common CETP gene mutations explain around 10 % of the variation in HDL cholesterol levels in the general population [18] . Several RFLPs (restriction fragment length polymorphisms) in the CETP gene have also been detected [19, 20] . One of these, a polymorphism recognized by the presence or absence of a TaqI restriction site, has been shown to be associated with variation in plasma HDL cholesterol concentrations [6, 21] . cDNA probes for the CETP gene have been cloned and used to detect RFLPs in the human genome [19, 20] . Individuals homozygous for the absence of a TaqI restriction site, known as B2B2 individuals, have a higher plasma HDL cholesterol concentration than those homozygous for the presence of the restriction site (B1B1 subjects), both in a random sample of normal subjects [6, 7] and in a population selected according to HDL cholesterol levels [22] .
The purpose of the present study was to investigate whether the low HDL cholesterol levels observed in the Saudi population could be explained (at least in part) by polymorphism within the CETP gene; on the basis of this hypothesis, the B1 allele and the B1B1 genotype would be expected to be increased in frequency in Saudi subjects. We also examined the relationship between lifestyle factors and HDL cholesterol levels in Saudis.
METHODS
The subject population was drawn from normal, healthy male volunteers attending the blood bank at Alshmasee and King Khalid University Hospital in Riyadh, Saudi Arabia. Ethical approval was obtained from the local institutions, and volunteers were asked to give verbal consent to participate. Written informed consent was not possible, since the majority of eligible subjects were unable to read or write. Provision of an appropriate patient information sheet and consent form was, therefore, unrealistic and the study was explained verbally to the patients prior to venesection. Information on sociodemographic characteristics, personal and family medical history, and health-relevant behaviour, including smoking, exercise and diet, was obtained from a standardized interview at the time of venesection. Height and weight were recorded, and blood pressure was measured using a mercury sphygnomanometer.
Two non-fasting blood samples of 10 ml were obtained into EDTA-coated vacuum tubes. After centrifugation for 10 min at 12 000 g, plasma was stored at − 20
• C in 1.5 ml aliquots; the remaining red blood cells were stored at − 20
• C in 4 ml tubes for DNA extraction. Nonfasting samples were used because previous studies have found no significant differences between fasting and non-fasting concentrations of total cholesterol, HDL cholesterol, HDL cholesterol subfractions HDL2-C and HDL3-C, apo AI, apo AII and apo B-100 [23, 24] . Plasma total cholesterol, HDL cholesterolcholesterol and triacylglycerols were determined by routine enzymic methods with a Roche modular analyser. Apo AI and apo AII were measured by a commercial immunoturbidmetric assay using a Roche modular analyser.
Genotyping
Genomic DNA was extracted from buffy coats as described previously [25] . The TaqI-detectable polymorphism was originally described by Drayna et al. [19] . A 535 bp fragment containing the polymorphic site in intron 1 of the CETP gene was amplified in a total reaction volume of 25 µl containing 1.25 mM MgCl 2 (Bioline), 100 ng of genomic DNA, 4 mM of each dNTP (Pharmacia), 2.5 µl of 10× buffer (Bioline), 40 pmol of each primer and 0.3 unit of Taq polymerase (Bioline). DNA was amplified for 30 cycles of denaturation at 94
• C for 30 s, annealing at 60
• C for 30 s and extension at 72
• C for 1 min using a Hybrid thermal cycler. The PCR products were digested with TaqI at 65
• C for 3 h and electrophoresed through a 3 % (w/v) agarose gel.
Statistical analyses
Statistical manipulations and sample difference testing were carried out using SPSS version 10 for Windows (SPSS, Evanston, IL, U.S.A.). Data were tested for normality using normal probability plots and, if appropriate, transformed to produce a normal distribution. All values are expressed as mean (S.D.). Differences among genotypes were tested on transformed data using one-way ANOVA. Owing to multiple group comparisons, the Bonferroni correction was used to ascertain statistically significant differences between group means. Correlations were investigated using Pearson's correlation coefficient. Chi-squared tests were conducted to compare differences in percentages. This statistical test was also performed to examine whether the genotype frequencies were in Hardy-Weinberg equilibrium.
RESULTS
Demographic data for the Saudi study population (n = 335) are shown in Table 1 , both for the whole group and for subgroups comprising the three TaqI B CETP genotypes. HDL cholesterol and apo AI levels were significantly higher in B2B2 than in B1B1 subjects (P < 0.03 and P < 0.04 respectively) ( Table 1) .
The genotype frequencies of B1B1, B1B2 and B2B2 were 32 %, 22 % and 46 % respectively, and the calculated frequencies of the Taq1 B1 and B2 alleles were 0.55 and 0.45 respectively. The polymorphism was shown to be in Hardy-Weinberg equilibrium. The allele frequencies 25 25 observed in this Saudi population were compared with those in other populations reported in the literature [6] [7] [8] [9] . There was no significant difference between the genotype frequencies in the Saudi Arabian and other (Table 2 ) (χ 2 = 11.3, degrees of freedom = 2, P = 0.78), even though the plasma HDL cholesterol concentration was significantly lower in Saudis. The population was classified further into those with high and low HDL cholesterol concentrations ( 1.2 mmol/l and 1.1 mmol/l respectively), as described previously [22] . TaqI B CETP genotype frequencies for the B1B1, B1B2 and B2B2 subjects in the low HDL groups were 37 %, 42 % and 20 % respectively, and those in the high HDL groups were 23 %, 52 % and 25 % respectively (Table 3) . A χ 2 test was performed on the allele counts in each group, and there was a significant difference between the high and low HDL groups (P < 0.037).
The subjects were divided into two groups according to smoking status ( Table 4 ). The mean concentration of HDL cholesterol in smokers was significantly lower than that in non-smokers [0.95 (0.20) and 1.00 (0.23) mmol/l respectively; P = 0.03]. There was no significant difference in HDL cholesterol levels between the three genotypes in smokers, but the HDL cholesterol We had limited information on the subjects' diet, but levels of consumption of fish and meat were known. All of the 19 recorded socio-demographic characteristics, personal and family medical history, and health-relevant behaviour, including smoking, exercise and diet, were included in a bivariate regression analysis with HDL cholesterol (Table 5) . Stepwise multivariate regression analysis using these same 19 variables as potential independent predictors of HDL cholesterol was also undertaken, and the final model is shown in Table 6 . Plasma triacylglycerol (P = 0.004), glucose (P = 0.009) and apo AI (P < 0.0001) concentrations, diastolic blood pressure (P = 0.016) and CETP genotype (P = 0.027) were independently associated with HDL cholesterol concentration. The association between HDL cholesterol and total cholesterol, which was apparent on bivariate analysis, disappeared in the final multivariate model. The overall correlation coefficient was 0.68, and hence 46.9 % (R 2 = 0.469) of the variance in HDL cholesterol level was explained by variation in these five parameters. However, the CETP genotype itself accounted for just 3 % of the variation in HDL cholesterol (R 2 = 0.03, P = 0.035).
DISCUSSION
The mean HDL cholesterol concentration observed in this sample of Saudi subjects was significantly lower than in other populations investigated [6] [7] [8] , and this confirmed previous studies [26] . The level of apo AI, a major apolipoprotein constituent of HDL, was correspondingly low. The low alcohol intake, low level of exercise and relatively high proportion of smokers [27] and high prevalence of obesity and Type II diabetes evident in this population would serve to depress HDL cholesterol concentrations [4] .
The HDL cholesterol level of individuals is also determined by genetic factors. Previous studies [6] have suggested that variability at or adjacent to the CETP gene locus is associated with variation in serum HDL cholesterol concentrations. Bu et al. [12] reported that the CETP gene is linked to a locus involved in the determination of HDL cholesterol levels, whereas in Japanese subjects 10 % of the total variation in HDL cholesterol levels has been shown to be attributed to a CETP mutation [18] . Furthermore, in a Taiwanese Chinese study, a significant proportion of the variation in HDL cholesterol levels was explained in terms of associations with genetic variants of the CETP gene [28] . We have demonstrated a significant association between the TaqI B polymorphism at the CETP gene and plasma HDL cholesterol levels in our group of Saudi subjects, confirming previous studies [6, 7, 17, 22, 28] . The CETP allele frequencies in the various ethnic groups comprising the Saudi population were in good agreement with those reported previously [6, 19] , and this similarity suggests that this polymorphic marker is ancient. However, the absence of an unusual allele frequency of the TaqI B polymorphism in the Saudis means that variation within the CETP gene cannot explain the overall low level of HDL cholesterol in this population.
Various studies have analysed interactions between the effects of environmental factors and the CETP TaqI B polymorphism on plasma HDL cholesterol levels. Kondo et al. [6] showed that practically the entire influence of CETP gene polymorphism on HDL cholesterol levels was due to the effect observable in non-smokers. In contrast, Fumeron et al. [8] did not find any impact of tobacco smoking, and a strong association between the TaqI B allele and HDL cholesterol levels was not influenced by gender or smoking in a Chinese study [28] . Our present study lends support to an interaction between CETP gene polymorphisms and smoking. In smokers the HDL cholesterol levels were lower and were unaffected by CETP genotype, whereas levels differed significantly in the non-smoking group according to genotpye.
Serum apo AI levels were higher in B2B2 homozygotes compared with other genotypes (P = 0.04), which confirmed a previous study [29] . No other significant differences were found.
In conclusion, a CETP gene polymorphism has been shown to impact on the level of HDL cholesterol in the Saudi population, and the effect is limited to nonsmokers. However, this gene is unlikely to make a major contribution to the low HDL cholesterol levels seen in the Saudi population, since CETP allele and genotype frequencies in this population are similar to those in all other populations reported in the literature.
